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Objective: To establish a simple, rapid, precise and accurate high performance thin layer
chromatography (HPTLC) method with densitometric detection for the determination of
vitexin in Passiﬂora foetida Linn. (P. foetida).
Methods: Ethanolic extract of the plant leaf powder was used for the experimental work.
Separation was performed on silica gel 60 F254 HPTLC plates with ethyl acetate:
methanol: distilled water: formic acid in the proportion of 50:2:3:6 (v/v), as the mobile
phase. The determination was carried out using the densitometric absorbance mode at
340 nm.
Results: Vitexin response was linear over the range of 2.5–17.5 mg/mL with a correlation
coefﬁcient of 0.996. Intraday and interday precision studies showed the relative SD was
< 3%. Accuracy of the method was determined and the average recovery was 100.3%.
The limit of quantitation and limit of detection were 0.879 and 0.290 mg/mL, respectively.
The contents of vitexin in P. foetida leaf extracts were within the range of 0.030%–
0.310%.
Conclusions: The method was evaluated for sensitivity, accuracy, precision and repro-
ducibility. Each analysis by HPTLC is less expensive than current methods. This method
is suitable for routine quality control of raw material of the leaves of P. foetida extract and
its products.1. Introduction
Passiﬂora foetida Linn. (P. foetida) (family Passiﬂoraceae)
is native to South America, which has spread to tropical re-
gions around the world, including Thailand. The leaves of this
plant are also utilized as traditional medicine for the treatment
of hysteria, fever, ear infections, emmenagogue, asthma,
insomnia and skin disease [1–6]. The ethanolic extracts of theleaves of P. foetida display remarkable activity against
Pseudomonas putida, Vibrio cholerae, Shigella ﬂexneri and
Streptococcus pyogenes. A further study conducted by
Mohanasundari et al. did not show the active compound
present in the crude extract of P. foetida [7]. The major
phytochemical constituents of P. foetida have several active
constituents like hydrocyanic acid, groups of ﬂavonoids,
harman alkaloids, passiﬂoricins, polyketides, a-pyrones and
vitexin [2,8,9]. Vitexin has been reported to have antioxidant,
anti-inﬂammatory, anti-thyroid, anti-arteriosclerotic, antihy-
pertensive and antihepatotoxic properties [10–23]. Levels of
vitexin in different plants extracts have been determined by
numerous techniques, including spectroscopic and
chromatographic methods. High performance thin layer
chromatography (HPTLC), coupled with densitometricarticle under the CC BY-NC-ND license (http://
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determination of vitexin [24–30]. HPTLC has advantages
because of high sample throughput at low operating cost,
easy sample preparation, short analysis time and use of a
small quantity of mobile phase unlike high performance
liquid chromatography. The major advantage of HPTLC is
that it is both a qualitative and a quantitative technique [31–
37]. The objective of this work was to develop a quick,
economical HPTLC method for vitexin determination in the
ethanolic extract of leaves of P. foetida. The proposed
method was validated in compliance with International
Conference on Harmonization guidelines [38].
2. Materials and methods
2.1. Apparatus
A Camag HPTLC system equipped with an automatic thin
layer chromatography (TLC) sampler 4 (ATS 4, connected to a
nitrogen tank), TLC scanner 3 (winCATS version 1.3.4), and
UV cabinet (Reprostar 3) and automatic developing chamber
was used for the analysis.
2.2. Reagents and materials
Ten samples of P. foetida were collected from areas where it
has colonized in Thailand during January 2013. The samples
were identiﬁed by comparison with the plant specimens in the
Herbarium Section, Forestry Department, Bangkok, Thailand.
Solvents were obtained from Merck (Darmstadt, Germany) and
were of analytical grades. Standard vitexin (95% pure) was
obtained from Sigma–Aldrich Chemie (Steinheim, Germany).
Precoated silica gel 60 F254 HPTLC plates were procured from
Merck (Darmstadt, Germany).
2.3. Preparation of standard stock solution
A vitexin (100 mg/mL) stock solution was prepared with
methanol to give a series of working standard solutions with
concentrations of 2.5, 5.0, 10.0, 12.5 and 17.5 mg/mL.
2.4. Sample preparation
The leaves of P. foetida were separated from the stems,
washed thoroughly and dried in an oven at 50 C. The dried
samples were ground to powder. The powder was extracted with
ethanol (3 × 10 mL), ﬁltered and concentrated under vacuum to
obtain the crude extract. A total of 200 mg of the accurately
weighed extract was transferred to a 10 mL volumetric ﬂask.
Methanol was added to the volumetric ﬂask (ﬁnal concentration
of 20000 mg/mL).
2.5. Mobile phase
The mobile phase was comprised of ethyl acetate: methanol:
distilled water: formic acid in the proportion of 50:2:3:6 (v/v).
2.6. Method validation
The analytical method was validated for linearity, precision,
accuracy, limit of detection (LOD) and limit of quantitation(LOQ) according to the International Conference on Harmoni-
zation guidelines.
2.7. Linearity
Standard vitexin solutions from above were used for the
determination experiment using silica gel 60 F254 HPTLC plates
with a mobile phase of ethyl acetate: methanol: distilled water:
formic acid (50:2:3:6, v/v). A total of 10 mL of each standard
solution was applied to the plate as per the method of Kumar
et al. [37]. A wavelength of 340 nm (lmax) was used for
quantitation. This was repeated in triplicate and the mean was
used for calculation.
2.8. Precision
The precision of the method was studied by analyzing stan-
dard solutions of vitexin (5 and 10 mg/mL) after application on
TLC plate (n = 6) on the same day for intraday precision and on
3 different days for interday precision by proposed method. The
results were expressed as percentage of relative SD (%RSD).
2.9. Accuracy
Accuracy of the method was studied by performing recovery
studies at 3 levels of vitexin reference standard added to the
samples. Three different volumes (500, 750 and 1000 mL) of
standard solution (containing 5 mg/mL vitexin in methanol) were
added to the sample solution (20000 mg/mL) and analyzed by
the densitometric HPTLC method.
2.10. LOD and LOQ
A plot of experimental concentration (mg/mL) against SD
was performed to reﬂect a linear correlation and the value of the
SD on the y-axis intercept was obtained. This intercept value
was then multiplied by a factor of 3 to give the LOD or by 10 to
give the LOQ.
2.11. Quantiﬁcation of vitexin content in the leaves of
P. foetida extract
Ten microliters of the plant leaf extract was applied to the
HPTLC plate in triplicate and run as per the determination
experiment above. The amount of vitexin in the extracted sam-
ples was then determined using linearity equation.
3. Results
The method developed was a normal phase HPTLC method
adapted from Kumar using silica gel 60 F254 stationary phase
precoated on aluminum sheet for the analysis [37]. Mobile phase
used was ethyl acetate: methanol: distilled water: formic acid in
the proportion of 50:2:3:6 (v/v), which gave good separation of
vitexin (Rf = 0.70) from the other phytochemicals of P. foetida.
Concentrations of vitexin in leaf extracts from various sites were
in the range of 0.030%–0.310% (Table 1).
Identity of vitexin was conﬁrmed by overlay of spectrum
chromatograms obtained with the Camag TLC scanner. The
vitexin from the plant extract was compared with the vitexin
standard. The detector response of vitexin showed linearity over
Figure 2. HPTLC chromatograms.
a: Standard vitexin (2.5 mg/mL); b: Standard vitexin (5 mg/mL); c: Vitexin
in the ethanolic extract of leaves of P. foetida.
Table 3
Interday and intraday precision for quantiﬁcation of vitexin determination
a
Table 1
Vitexin contents in P. foetida. %.
Collection site (province) Dry weight of vitexin
Bangkok 0.190 ± 0.004
Nakhon Pathom 0.030 ± 0.001
Ayutthaya 0.290 ± 0.006
Kanchanaburi 0.080 ± 0.004
Nonthaburi 0.240 ± 0.007
Pathum Thani 0.210 ± 0.020
Nakhon Nayok 0.290 ± 0.003
Rayong 0.310 ± 0.005
Chanthaburi 0.250 ± 0.003
Phrae 0.220 ± 0.002
Vitexin contents were presented as w/w of the dried P. foetida leaf, as
obtained from 3 determinations. All values were expressed as
mean ± SD.
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0.996 (Table 2). The overlay of UV spectrum of standard vitexin
and vitexin in plant extract was shown in Figure 1. HPTLC
chromatograms of standard vitexin and vitexin in the plant
extract were shown in Figure 2.
Instrument precision and interday and intraday precision
were measured to determine the overall precision of the method.
Percentage of RSD was found to be < 3% (Table 3).
Vitexin at various concentrations was determined by the
TLC-densitometric method. The percent recovery at 3 different
levels of vitexin was found to be 98.3%, 103.0% and 99.7%,
with a mean value of 100.3% (Table 4).Table 2
Method validation parameters for the quantiﬁcation of vitexin by the
proposed TLC-densitometric method.
Parameters Results
Range of linearity (mg/mL) 2.5–17.5
Regression of equation y = 462.68x + 748.65
Correlation coefﬁcient (r2) 0.996
LOQ (mg/mL) 0.879
LOD (mg/mL) 0.290
x: The amount of vitexin in mg/mL; y: The peak area at 340 nm.
Figure 1. Overlay UV absorption spectra.
a: Vitexin standard; b: Vitexin in the sample extract of the leaves of
P. foetida.
by proposed TLC-densitometric method . %.
Concentrations (mg/mL) Interday precision Intraday precision
5 2.93 1.85
10 0.05 0.94
a: Percentage of RSD (n = 6).
Table 4
Accuracy determined for the TLC-densitometric method.
Sample
no.
Vitexin
added
(mg)
Theoretical
content (mg)
Experimental
content (mg)
Recovery
(%)
RSD
(%)
1 2.50 17.52 17.2 ± 0.2 98.3 ± 0.2 0.87
2 3.75 18.77 19.3 ± 0.3 103.0 ± 2.0 1.70
3 5.00 20.02 19.9 ± 0.1 99.7 ± 0.6 0.63
Values were presented as means ± SD (n = 3). Theoretical content:
Calculated vitexin content in sample after spiking.4. Discussion
Quantitative determination of vitexin in P. foetida was per-
formed by HPTLC with densitometric detection. Tools used
such as sample applicator, densitometer and chromatogram
evaluation with electronic image acquisition, make HPTLC to be
an important analytical technique. Various steps of HPTLC were
run by fully automated machines but method development re-
quires primary knowledge of TLC. Generally, there are two
ways of sample application on HPTLC plate: contact application
and spray-on technique. Contact application of sample causes
irregular distribution of the sample and spots may be broad and
asymmetric after development [39]. In this study, sample
application using the spray-on technique (automatic TLC
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of the samples.
The mobile phase for HPTLC was selected on the basis of the
analyst's experience. In this study, vitexin was successfully
separated with a mobile phase of ethyl acetate: methanol:
distilled water: formic acid (50:2:3:6) which provided vitexin Rf
of 0.70. Previous works on HPTLC determination of ﬂavonoids
and phenolic acid reported similar mobile phase systems of ethyl
acetate: acetic acid: formic acid: distilled water (100:11:11:26)
[40,41].
The linearity and sensitivity shown by this method was
shown to be superior to that of reverse phase high performance
liquid chromatography with detection limits, an order of
magnitude lower using HPTLC. The response for vitexin in this
study was shown to be linear over the range of 2.5–17.5 mg/mL
compared to reverse phase high performance liquid chroma-
tography that gave the range of 25–500 mg/mL [9].
Percentage of RSD of interday and intraday precision for
quantiﬁcation of vitexin determination by TLC-densitometric
method in this study was found to be < 3%. This suggests
that the proposed method is highly precise and reproducible for
vitexin [38].
The present method provides a lower LOD than current
methods. It is practical for routine analysis and could be used for
pharmaceutical quality control of raw materials for regulatory
purposes. The percent recovery for the method proposed here is
comparable with previous methods [9]. The percentage of RSD
and correlation coefﬁcient values indicate a high
reproducibility of the method and the proposed method is
speciﬁc for determination of vitexin from a single plant
species. The pattern produced is characteristic of P. foetida
and can be readily proﬁled.
A TLC densitometric method was validated in terms of
linearity, accuracy, precision, LOD and LOQ. This method of-
fers high degree of sensitivity, economic and rapid analysis
combined with single-step sample preparation. Simultaneously,
a large number of samples along with the standard can be
analyzed in one TLC plate and solvent requirement is negligible,
thus making it far less expensive when compared to high per-
formance liquid chromatography. In addition, it requires very
small amount of sample and can detect active principle con-
centration at the nanogram level. The proposed method is sim-
ple, precise, accurate and sensitive and can be used for routine
quality control of P. foetida, and standardizing the vitexin.Conﬂict of interest statement
We declare that we have no conﬂict of interest.References
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